The Role of Marriage in the Causal Pathway from Economic Conditions Early in Life to Mortality * This paper analyzes the interplay between early-life conditions and marital status, as determinants of adult mortality. We use individual data from Dutch registers (years , combined with business cycle conditions in childhood as indicators of early-life conditions. The empirical analysis estimates bivariate duration models of marriage and mortality, allowing for unobserved heterogeneity and causal effects. Results show that conditions around birth and school ages are important for marriage and mortality. Men typically enjoy a protective effect of marriage on mortality, whereas women suffer during childbearing ages. Having been born under favorable economic conditions reduces female mortality during childbearing ages.
Introduction
Socioeconomic conditions during infancy and childhood and marriage are by now well established predictors of adult health and mortality. Poor socioeconomic status, leading to poor nutrition, and greater exposure to diseases in-utero and during childhood are associated with increased vulnerability to a whole range of health problems and lower life expectancy (see e.g. Case et al., 2003 , Doblhammer, 2004 , and Van den Berg et al., 2006 . Marriage also affects mortality, with married men exhibiting lower susceptibility to health problems like cardiovascular diseases and consequently exhibit higher life expectancy (Phillips et al., 2001) .
Unlike the clear direction of the association between early life conditions and mortality, the relationship between marriage and mortality could be bidirectional. Marriage could involve direct material 1 or emotional transfers and care giving from the spouse, which could increase the well-being of a married individual. More indirectly, married individuals may experience lower psychological stress owing to a favorable societal attitude towards married individuals ( Van Poppel, 1992) , lead healthier lifestyles (lower consumption of alcohol or smoking) and adopt less risk taking behavior which could decrease risk of mortality. Consequently, marriage may be 'protective' against mortality (Johnson et al., 2000 , Lund et al., 2004 , Gardner and Oswald, 2004 , and Murray, 2000 . But several studies also find support for a 'selection ' into marriage (e.g. Goldman 1993a Goldman , 1993b according to which a range of factors like age, health, social background, income, occupation, education and race might affect marriage as well as mortality.
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Better health, for instance, of married persons is then a consequence of the selection of 'healthy' persons into and 'unhealthy' individuals out of marriage. Any such positive selection into marriage would overstate the average causal effect of marriage on mortality at the individual level. The causal and the selection effect could both explain the lower mortality of married individuals (for e.g. see Hu and Goldman, 1990, Lillard and Panis, 1996) . The difficulty to control for confounding factors makes it challenging to distinguish between these effects. This study analyzes the interplay between early life conditions and marriage as determinants of high-age mortality. Specifically, we focus on the extent to which early-life conditions influence the positive or negative effect of marriage on mortality, and we consider the extent to which early-life conditions influence the entry rate into marriage (which we call the "marriage rate"). Figure 1 presents potential pathways between early life, marriage and later-life mortality. It contains four arrows, where the arrow that originates at birth and targets the arrow from marriage to mortality represents the interaction effect of early-life conditions and marriage on mortality. As noted in the previous paragraphs, the arrow from early-life condi- tions to mortality and the arrow from marriage to mortality have been studied extensively.
We focus on the other two arrows: the impact of economic conditions early in life on the individual rate of getting married, and the extent to which the protective effect of marriage depends on conditions early in life. However, for this purpose, all four arrows need to be analyzed simultaneously in the empirical analysis.
The results of the analysis shed light on the extent to which the effect of early life conditions on mortality later in life is channeled through marital status. More specifically, the results shed light on the use of marriage as a compensatory device in case of adverse early-life conditions. We are interested in the question whether individuals born in adverse conditions benefit from a larger protective effect of marriage on the mortality rate. Moreover, we want to know whether individuals born under adverse conditions marry earlier. If the protective effect is larger for them then this provides an incentive to marry earlier. Conversely, they may marry later because they may have worse opportunities in the marriage market.
As such, our paper is informative on the degree to which an economically bad start in life can be compensated by deliberate social behavior at prime age, and it is informative on the degree to which such a pathway is used by those for whom the gains are highest. The empirical agenda sketched above faces two major selectivity problems. First, the actual economic conditions in the household early in life are potentially endogenous as an explanation of events later in life, because of shared unobserved confounders. Secondly, marriage is potentially endogenous for mortality. To deal with the first problem, we use business cycle conditions in early years of life as an indicator of individual economic well-being. This is in line with the recent literature in which natural experiments or transitory fluctuations in contextual variables are used for this purpose. In the case of the business cycle, several studies have explained and used this approach; see e.g. Van den Berg et al. (2006 . Since macroeconomic conditions are exogenous at the individual level, this indicator of economic conditions in early years of life does not suffer from confounding.
To deal with the second selectivity problem, i.e., to control for any joint unobserved heterogeneity affecting both marriage and mortality, we model the individual's entry rate into marriage and the mortality rate simultaneously, allowing for selection on unobservables.
We apply the so-called Timing-of-Events approach formalized by Abbring and Van den Berg (2003) to identify the causal effect of marriage. This approach requires some amount of randomness in the moment of marriage, which may be justified by the random nature of the arrival of opportunities in the marriage market. For given conditions early in life, the identification of the marriage effect does not require an instrumental variable for marriage. We discuss the identification strategy in more detail in the paper.
To date, there is no extensive literature on the effect of early-life conditions on marriage and on its effect on the extent to which marriage postpones mortality. Phillips et al. (2001) suggest that prenatal growth provides a link between marital status and mortality. Using a Finnish data set of male births, the authors note that the marriage rate is positively related to birth conditions like weight, height, head circumference, gestational age, even after controlling for a wide range of factors like adult health 3 and socioeconomic background characteristics. The authors hypothesize that fetal conditions may affect an individual's personality, socialization, sexuality and emotional responses in later life, consequently affecting their marital status and mortality later in life. This result is contradicted by Vågerö and Modin (2002) who, using a Swedish longitudinal panel covering individuals from birth to death, find no differences in mortality between ever married and never married women before and after adjusting for prenatal conditions, 4 once socioeconomic background (like marital status of mother, social class at birth) and adult conditions (occupation, education and income) have been controlled for. The same result is obtained for men, although married men are less likely to suffer from heart diseases and stroke than unmarried men, the risk ratios remain unaffected when social factors at birth are adjusted for. The authors conclude that there is no evidence for early health status in life being the factor explaining differences in mortality across different marital statuses. Clearly, the studies by Phillips et al. (2001) and Vågerö and Modin (2002) are innovative, but they do not focus on selection on unobservables, and 3 Measured using height and weight at age 15. 4 The authors use birth weight for gestational age as a measure of fetal growth. the findings are inconclusive on the presence and magnitude of the causal effects that we are interested in.
A joint study of conditions early in life, marriage and mortality requires individual data covering a large time window. In this paper we use records from Dutch registers of birth, marriage and death certificates, covering 1815-2000. These individual level data are then combined with indicators of historical macro conditions. The individual register data have been used in a wide range of studies (see Mandemakers, 2000 , for an overview) including studies on the effect of early-life conditions on mortality (Van den Berg et al., 2006 . These studies have ignored marital status as an intermediate outcome between birth and death. The data have also been used in descriptive studies of determinants of the marriage rate and in studies on the association between marital status and mortality (see e.g. Van Poppel and Joung, 2001) , though not addressing the issues we focus on.
Our results show that conditions around birth as well as around school ages are important for marital status and mortality. The results are strikingly different across gender. Men on average enjoy a protective effect of marriage on mortality. Women born in economic booms gain from marriage during childbearing ages, but women born in recessions suffer a substantial negative effect on life expectancy during these years.
Section 2 describes the individual data. The empirical approach is discussed in Section 3. Section 4 presents the estimation results along with sensitivity analyses and implications. Section 5 concludes.
Individual data records
The Historical Sample of the Netherlands (HSN)
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, dataset project Utrecht-Zeeland-Friesland 02 (UZF.02), is created by merging individual data from Dutch registers of birth, marriage and death certificates. It includes a random sample of individuals born in one of the three provinces of Utrecht, Friesland or Zeeland 6 between 1812-1922. The last day of observation of the sample is December 31, 1999. It records key events in an individual's life -birth, marriage and death-and also includes information on occupation of parents, gender and geographical location. As noted above, the data have been used in numerous other studies, so the present exposition can be brief.
Individual lifetime durations are noted in days. If the individual is still alive at the end of 1999, the date of death is not observed. The lifetime durations of individuals whose death dates are not observed are right-censored at their last day of observation, i.e. at birth or at This has been used in many other studies with the HSN data. In general, our observed explanatory variables for individual marriage and mortality are realized at birth as opposed to those acquired later in life, as the latter may be endogenous or confounded. The place of residence at birth is included as a binary choice urbanization indicator which takes a value of 1 if the person is born in a city and 0 otherwise. One disadvantage of the unprecedented observation window is the absence of several explanatory variables commonly used in the mortality literature but unobserved in population registers. Notably, we do not observe the individual's adult health status and access to public health services and medical technology.
To provide summary statistics of outcomes of interest, we distinguish between 3 types of people. The first group consists of people who never marry during their lifetime and therefore no marriage date is observed for them. The second group comprises of individuals for whom marriage as well as death dates are recorded. Those in the third category are not observed after their marriage and therefore their death dates are missing. Table 1 presents the sizes of the 3 groups and their composition in terms of gender. Table 2 gives further details for these 3 groups of people, once again by gender, for the duration of marriage and mortality, where observed.
All births and most marriages in the data took place more than 50 years ago. This warrants some discussion. The relevance of studies with historical data for contemporary long-run health effects of early-life conditions has been discussed extensively elsewhere (e.g. Van den Berg et al., 2011, and references therein) . To the extent that early-life effects on marriage run through health between birth and marriage, these arguments also apply to the relevance of historical evidence of such effects. To assess the relevance of historical evidence of marriage effects, it is useful to cite some more information on the institution of marriage in Northwestern Europe within our observation window. Petersen (1960) , Matthijs (2003) , Hartman (2004) and Dribe and Lundh (2010) provide overviews, and the latter study also cites other recent overviews. In most of the 19th century, the average age at marriage was rather high, a substantial fraction of individuals remained bachelor, and the average age difference between men and women was about 2 years. These features are also visible in our data; see Table 2 . Socio-economic origin, age, and geographical origin have been found to be particularly strong determinants of marriage choice. Perhaps more importantly for our purposes is the fact that many women left the labor force upon marriage, and instead bore children and took care of the household. In the absence of societal social safety nets, the economic and care dependence of spouses was high.
One may therefore expect that marriage was more important for survival than nowadays. Historical records also note a societal contempt for unmarried women beyond the age of 30 ( Van Poppel, 1992) . On the other hand, the association of marriage and childbirth means that women were exposed to life-threatening experiences during childbearing ages.
3 Empirical methodology 3.1 Outline of the approach to identify causal effects Consider again Figure 1 in Section 1. We estimate a joint model for all four causal effects, taking into account that all variables may be affected by unobserved determinants. To deal with the potential endogeneity of the actual economic conditions in the household early in life, we use business cycle conditions in early years of life as an indicator of individual economic well-being. To explain how we deal with the endogeneity of marital status and the marriage date, it is useful to think of our data as containing two subsamples: one with individuals born in adverse years and one with individuals born in favorable years. Suppose that for each of these two subsamples, one can estimate the full model separately (this requires identification for given early-life conditions that are equal for all subsample members). The estimation would give two sets of results, including two different effects of marriage on mortality. Contrasting these results then reveals the effects of the indicator of early-life conditions on all parameters in the model, including the interaction effect of the indicator of What remains is to demonstrate that each of these two separate models is identified for given early-life conditions, even if the marriage date is endogenous in the sense that marriage and mortality have shared unobserved determinants. For this we rely on the Timing-ofEvents approach for the identification of the effect of the occurrence of one event on the rate that another event occurs (see Abbring and Van den Berg, 2003) . In our context, the former event is marriage and the latter is death. For given early-life conditions, our model reduces to a bivariate duration model for the duration until marriage and the duration until death, with a causal effect of marriage on the mortality rate and with possibly shared unobserved determinants of the marriage rate and the mortality rate. The Timing-of-Events approach allows for the identification of such models, provided that (i) the unobservables are independent of the observed explanatory variables (i.e., the random effect assumption holds), and (ii) the marriage and mortality rates satisfy Mixed Proportional Hazard (MPH)-type specifications. It is important to point out that for given conditions early in life, the identification of the marriage effect does not require an instrumental variable (in the usual sense of the word) for marriage. Identification effectively exploits the fact that the causal marriage effect on mortality only works from the entry into marriage onwards, whereas the association between marriage and mortality due to shared determinants works at all ages.
This requires some amount of randomness in the moment of marriage, which in turn can be justified by the random element in the arrival of opportunities in the marriage market.
To disentangle the long-run effects of conditions at birth and during childhood, we may exploit the age variation in the timing of the stages of the business cycle across individuals.
The set-up of this section is as follows. In the next subsection we examine the businesscycle indicator of early-life conditions in detail. The subsequent subsection discusses the Timing-of-Events approach in detail.
Business cycles
In principle, one would like to compare cohorts born in economic booms to those born during economic troughs with otherwise identical conditions over life. This however is not possible due to the steady secular improvements in living conditions, medical innovations and health care over time. As Van den Berg et al. (2006) point out, this issue can be dealt with in a conservative way by comparing a cohort born in a specific boom to that born in the subsequent recession, because the latter benefit more from secular developments. In this case a reduction in longevity can be attributed to the cycle. However, given the small sample size of 5593 individuals, its impossible to compare outcomes from two consecutive stages of a cycle, especially if we wish to consider the two genders separately. Therefore, following Van den Berg et al. (2006) we identify intervals of successive years of "booms" and "recessions".
To obtain cyclical indicators, we decompose the historical time series on log annual real per capita GNP over the observation window. The GNP series, instead of the conventionally used GDP, is chosen purely for reasons of availability of mutually consistent observations over the years of interest. Due to the unavailability of GNP data for the years 1812-1814, we only consider individuals who were born in and after 1815. Figure 2 presents log annual real per capita GNP, measured in 1,000 Euros with 1995 as a base year. The graph highlights both the upward trend and the many cyclical fluctuations.
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We perform a trend/cycle decomposition of the log annual real per capital GNP using the Hodrick-Prescott filter with smoothing parameter 500. that these are robust with respect to the choice of the decomposition method and smoothing parameter. Figure 3 provides a histogram of the distribution over time of the cyclical term (or indicator) which will be our main explanatory variable. For most of the analysis we round-off the value of the cyclical term to a binary outcome representing economic upturns or downturns.
We additionally control for incidence of epidemics 10 and war. World War II (1940-45) has been the only war and occupation on Dutch soil since Napoleon. It included the severe famine of the winter of 1944/45, where mortality rates peaked because of malnutrition (Jewish genocide victims were excluded from the data). The period of the World War II is represented using a separate dummy variable as no reliable macro-economic data is available for this interval.
For the interpretation of the results it is relevant whether the birth cohort size varies over the business cycle. Bengtsson and Dribe (2006) find that parents in rural Sweden in the 19th century fine-tune their fertility outcomes with respect to the anticipated fluctuations in the harvest returns. In our case, this would affect the availability of partners in the marriage market at the mean age of marriage, and this may affect the marriage rate in turn. Some past literature (for instance Blau et al., 2000) has found an inverse relationship between contemporaneous marriage market tightness and marriage rates. In sum, if the cohort size is pro-cyclical then, following this line of reasoning, we would expect that the marriage rate in the cohort is also pro-cyclical.
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(At the same time, a large cohort size may suggest that relatively many frail individuals are born.) However, the availability of potential marriage partners at any point of time is also determined by contemporaneous economic conditions. And marriage markets depend on cohort sizes of men and women within certain age intervals of a size that is unknown to the researcher.
To proceed, we examine national time series of birth rates by gender.
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Regressing total births on the cyclical component of the GNP series, first in the year of birth and then separately in the year prior to birth, we find no significant correlations 13 and hence little evidence of endogenous fertility. To get a closer look at the availability of potential marriage partners we consider sex-ratios over time and find that these remained pretty stable in the Netherlands at the time. Further, regressing sex-ratios on cyclical component of GNP series we find no significant correlation at age 0 or at age 16
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. The information on ages of grooms and brides is only available for the province of Utrecht. Using this subset of the data, we find that the age difference between the groom and the bride is approximately normally distributed with the mean close to 2 years and a standard deviation of 5.84 years. Although on an average the bride was younger than the groom, in the light of this distribution, the researcher is forced to make some assumptions about what comprises the potential pool of marriage partners. Considering the ratio of men to 2 year younger women, we find that this ratio also shows only little variation overtime. Finally, these findings continue to hold while studying the role of social class in determining marriage and mortality, which reiterates the findings of Van den Berg et al. (2009) who find no significant effect of cyclical components of the business cycle at birth on the over-all cohort size or the cohort size by social class. This is as far as we can go to address the issue whether the composition of newborns in terms of unobserved characteristics varies over the cycle.
A bivariate duration model for marriage and mortality
For convenience, we use lower case symbols for random variables as well as their realizations, and we abstract from potential outcome variables. The outcomes of interest are the duration until marriage t m and the duration up to death, t d . We assume that all individual differences in the joint distribution of these two processes is conditional on calendar time τ , other socioeconomic and demographic factors x, current macro-economic conditions z(τ ), trend components and cyclical indicators z tr (τ −t+i) and z c (τ −t+i) of macro-economic conditions in earlier years of life (i ∈ {0, ....., t − 1}), various interaction terms, and the unobserved characteristics v. The vector x contains covariates that are observable at birth, and v is independent of x. Let t m be the moment at which an individual gets married. The indicator function I(t m < t) is used to denote whether an individual is married at age t or not.
The parameter δ captures the causal effect of marriage on the individual mortality rate. This parameter may in turn depend on various variables, including of course the early-life conditions. The studies mentioned in the previous sections suggest that the effect strongly depends on the age of the individual under consideration.
For ease of exposition, we may normalize τ for a given individual such that τ = 0 at birth, and we may subsume the variables z(τ ), z tr (τ − t + i) and z c (τ − t + i) in x, which accordingly becomes a time-varying explanatory variable x(t). The unobserved determinants of the individual mortality rate and the marriage rate are denoted by v d and v m , respectively. The mortality rate at age t, conditional on x(t), v d , and t m is denoted by
and is assumed to have the following specification
For z(τ ) we take log annual real per capita GNP at t, as well as dummy variables for years with epidemics and World War II. the age at which marriage becomes feasible i.e. the legal age of marriage of 16 years. We include information about the conditions prevailing in years of early childhood (1-5 years of age), leading right up to 16 years (ages between 6-12 and 13-15 years). These are summarized by 4 binary indicators. A binary boom / recession dummy is used to record a favorable (cyclical component > 0) / adverse (cyclical component < 0) period of the business cycle in the year of birth. 3 additional indicators of average cyclical macro-economic conditions during the age intervals of 1-5, 6-12 and 13-15 years are also included by means of dummies for whether or not the averages of the cyclical element of the GNP series is positive or negative between these ages.
The trend component z tr (τ − t + i) of the GNP series in the years of birth and childhood, obtained from the Hodrick-Prescott decomposition, captures the secular long-run effects.
Van den Berg et al. (2006) discuss in detail the empirical challenges in distinguishing the effects of these trend components from the effects of current log GNP z(τ ) and age t, due to multicollinearity. All these variables are by and large increasing over time, and at the individual level current log GNP can be captured fairly well by the sum of the trend component of the GNP and an increasing function of age. Consequently the trend component is mostly omitted from the model specification. For similar reasons calendar time τ is also left out. The contemporaneous cyclical conditions in the macro-economy are also an indicator of current employment opportunities. Therefore inclusion of the cyclical component of the GNP would additionally control for the impact of on-going employment conditions which have been noted to influence the 'marriageability' of the individual (for instance Blau et al., 2000) . The trend component of the series captures all secular effects from birth to the current age.
For an individual of age t years who is not yet married, the marriage rate at t conditional on observed and unobserved characteristics x(t) and v m is denoted by θ m (t|x(t), v m ) and is assumed to have the MPH specification given by,
where once again x(t) is independent of v m and the individual's background characteristics x are constant over time. Strictly speaking, the effects of z c (τ − t) in the model (including any effect on δ) capture the causal effects of the business cycle at birth. We interpret the cycle at birth as an exogenous indicator of the early-life conditions. Suppose that the actual economic well-being of the parents' household at birth equals a permanent component plus a transitory component. If the permanent component is captured by social class and the transitory component equals a proportion of the business cycle indicator, then the quantitative effects of the business cycle indicator may be translated into quantitative effects of the actual economic conditions at birth.
Parameterization
We use flexible specifications for the causal effect δ of marriage on mortality rate, the duration dependence functions, and the bivariate unobserved heterogeneity distribution. In order to allow the causal effect of marriage on mortality δ to vary over the individual's lifetime, δ is expressed using Chebyshev polynomials, for instance of degree 4, in the age of the married individual. This polynomial could be specified simply as a sum of terms η i t i , i = 0, 1, ..., 4 where t is the age of the individual. However, since the terms of t i are not orthogonal, estimation of the parameters η i is afflicted by multicollinearity. We take care of this problem by using Chebyshev polynomials of the second kind. In this case, the polynomial is specified as a sum of terms η i U i (t), i = 0, 1, ..., 4 where U 0 (t), U 1 (t), U 2 (t), U 3 (t) and U 4 (t),
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are mutually orthogonal polynomials of indexed degree. Furthermore, we allow this effect of marriage on the mortality rate to vary by conditions in early life of the individual by including interaction terms of δ and the dummy of being born in a boom or not as determinants of the mortality rate.
This set up implies that the total age dependent causal effect of marriage on the mortality rate for a married individual would be given by
where η ape i are the parameters corresponding to the mutually orthogonal polynomials U i (t) of degree i capturing the age dependence of the causal effect of marriage on individual death rate. The second term . This is done in our case by using the simple rule t = 2 (t−t0) (n t −1) − 1 where n t is the year of the individual's life that is being considered. Then our orthogonal polynomials are:
conditions, represented by the dummy (I boom ) for being born in a year of economic boom or not. The parameters η a,int i are the coefficients of this interaction term. Consequently, for a person born during an economic recession (I boom = 0) the total causal effect is
The time dependence of the hazard functions is similarly expressed using Chebyshev polynomials of the second kind of degree 4 in age of the person. Thus, the duration dependence of the marriage and mortality rates are respectively given by:
These specifications contain 10 parameters in total (η Table 3 presents the estimation results for the full model. For the estimates concerning entry into marriage, a positive value is associated with an earlier marriage. For the mortality rate, positive values of estimates signify a shorter lifetime.
Results

Estimation results by gender
The first crucial result is a significant causal effect of being married on the mortality rate for both men and women. Gender differences however are vital, and so are age and the conditions around the individual's birth. The estimates of the size of the effects of the latter are hard to read from the separate coefficients in Table 3 . Figure 4 therefore presents the impact of marriage on the instantaneous mortality rate by gender and also separately for birth during an economic boom versus a recession. For sake of exposition, the instantaneous hazard rates are plotted for marriage at the age of 30. Similar results (not presented) are obtained for other ages of marriage. The figures also plot the mortality rates in the absence of marriage. To show the effect of marriage without 'contamination' from other explanatory variables, each panel averages over the other explanatory variables. Note however that the model includes a time-varying explanatory variable (GNP trend) whose effect runs against the age dependence of the mortality rate. Therefore, care should be taken when interpreting the increasing shapes of the mortality rates in the figure.
The four panels of Figure 4 clearly show a sudden jump in the mortality rates at the moment of marriage. For women born in a recession, the mortality rate shows a large and long lasting increase in response to marriage. Favorable early life conditions help mitigate the adverse effect of marriage for women. For men, on the other hand, the impact of marriage on the mortality rate is favorable irrespective of cyclical conditions pertaining in the economy at the time of birth. This result goes against the view that there is no protective effect of marriage for women. Instead, the degree of protection depends on early-life conditions and changes with age. In any case, part of the association of marriage and life expectancy is causal for each gender.
We aim to determine whether the causal effect of marriage on mortality is statistically significant or not. Figure 5 displays the estimates of the age-dependent marriage effect interacted with the indicator of early-life conditions on mortality, along with the 95% confidence intervals, on the log mortality rate (that is, δ is plotted rather than exp δ). Once again, given large gender differences and the vital role of the economic conditions in early years of life, the plots are presented separately by gender and condition of the business cycle in the birth year. The results reiterate the presence of an age-dependent causal effect of marriage on mortality for both genders and the relevance of the early life conditions as suggested by the analysis of the instantaneous mortality rate around the time of marriage. We proceed to discuss the results for women and after that for men.
For women (Figure 5a ) we find that marriage instantaneously significantly raises the mortality rate in the childbearing ages. This adverse effect of marriage is much stronger -and persists for a longer time -in case of birth under adverse economic conditions. So women born in favorable economic times appear to cope better with problems during the childbearing ages than women born in a year of recession. (in Subsection 4.3 we provide the implied quantitative estimates of average effects on longevity).
It is plausible that the increased mortality during childbearing ages, as compared to the mortality when being single, reflects the health hazards of pregnancy, delivery, childbearing, and taking care of small children. Indeed, in the absence of advanced contraceptives, pregnancies would follow soon after marriage. Additional risk factors for married women in childbearing ages are (i) a possible reduction of nutrition upon the arrival of children, as the total available amount needs to be shared among a larger number of household members, Figure 4 : Impact of marriage at age 30 on mortality rate, by gender and by state of the business cycle at birth. and (ii) an increased exposure to infectious diseases brought into the household by small children. Investigation into the precise driving forces would require data on causes of death (for instance during childbirth). Maternal mortality (i.e., mortality at birth of a child) statistics are unavailable for the Netherlands for our observation window. However, studies report figures of maternal mortality in pre-industrial western societies ranging up to 1600 deaths per 100,000 live births (De Brouwere et al., 1998) . Maternal mortality rates in the Netherlands can be expected to be similar to those of Sweden (250-300) and England and Wales (400-450) around 1870. Results from studies on trends in age and gender specific mortality declines in the Netherlands (for e.g. Wolleswinkel-van den Bosch et al., 1998) find a decline in female mortality towards the end of our observation window for the age interval of 20-49. The authors link this to a decline in marital fertility that started around the same time.
Our results are then consistent with the view that early-life conditions influence the resilience of women during the childbearing stage of the life course. For lack of data, the epidemiological literature has not addressed the effect of early-life conditions on the female mortality associated with pregnancy and delivery. However, a number of studies have demonstrated early-life effects on pregnancy complications and poor reproductive success, where the data are collected retrospectively among those who survive the delivery of their children. Lumey and Stein (1997) show that among women who had been exposed to a famine in utero and who survived up to age 43, the offspring was more likely to suffer from perinatal death. Innes et al. (1999) , using birth weight as a proxy for early-life conditions, observe an effect of low birth weight on the risk of developing preeclampsia during pregnancy. The latter is a potentially deadly condition. Hackman et al. (1983) find an inverse association between the mother's birth weight and the baby's need for intensive care. See also the surveys by Lummaa (2003) and Sloboda et al. (2011) . The latter reports that women with low birth weight show a marked reduction in ovarian and uterine size in adolescence. Under the assumption that neonatal health problems for the offspring and maternal health problems during childbirth may have common determinants, these studies are of relevance for us. Specifically, they reinforce our interpretation of the role of early-life conditions on health during the childbearing stage of the life course.
Potentially, our empirical finding that early-life conditions influence the length of the age interval during which marriage is not protective against mortality could also be attributed to an effect of early-life conditions on the length of the fertility age interval (age at menopause minus age at menarche). However, according to the epidemiological literature, there is no clear association between nutritional conditions early in life and the size of this interval or on the age at menopause (see Sloboda et al., 2011, for a survey) .
Notice that the long-run effect of early-life conditions on female mortality is entirely driven through marriage, in the following sense. Early-life conditions affect the extent to which marriage is protective for mortality. However, they do not affect the mortality rate if marriage does not take place in one's lifetime.
At the same time, female marriage rates are unaffected by conditions in the years of birth and early childhood (early childhood being ages 1-5 years, which the medical literature identifies as crucial for long term development; see e.g. Power et al., 2003) . This shows that any strategic considerations to enter or postpone marriage in response to favorable or adverse economic conditions early in life do not play a major role as determinants of marriage. At the very least, any such behavior does not result in visible effects on the marriage rates. Interestingly, the aforementioned study of Lumey and Stein (1997) finds that age at first delivery does not depend on whether the woman was in utero during a famine or not. Turning now to men (Figure 5b ), we find a protective causal impact of marriage on the mortality rate. The effect is significant over the typical ages at death of about 56-85. This finding is intuitive in light of social observations like growing loneliness owing to shrinking social circles for single individuals. Marriage on the other hand could offer support from a wife during older ages and improve quality of life by means of better housekeeping and personal care. The HSN does not record the time of death of spouses of the individuals in the sample. The absence of a consistently positive protective effect of marriage beyond the ages of 85 years probably reflects a limitation of our polynomial specification.
As for the role of conditions in early years of life, in contrast to women, for men we find no significant effect of being born in a boom as opposed to being born in a recession on the protective effect of marriage on the mortality rate. Though men born during adverse economic conditions seem to be enjoying the positive marital effect for marginally longer than married men born during favorable conditions, this difference is not statistically significant. Of course, men born under favorable conditions live on average longer (we discuss this in the next paragraph). Finally, for both men and women our results again show that marital status does not have a time constant impact on the mortality rate throughout life.
Considering the direct impact of early life conditions on mortality, we find a significantly lower mortality rate amongst men born during a boom. This reiterates the results of Van den Berg et al. (2006) who estimate mortality models without including marital status as an explanatory or intermediate variable. Another striking result is a significant negative effect of average cyclical conditions during the age interval of 7-12 years on the marriage as well as the mortality rate of men. We postulate two explanations for this. The first one concerns education. The age interval 6-12 coincided with primary school in the Netherlands, which prior to 1901 was not compulsory and only free for the very poor. Many individuals did not get more formal education than this. Better economic conditions at these ages could facilitate the entry into secondary education; moreover it could lead to larger professional involvement and consequent delays in marriage. In recessions, financial adversity could increase temporary absences from school affecting negatively at least the 'quality' of education (Dunn et al., 2003) .
Better educational opportunities could also explain the significant negative impact of favorable conditions at ages 7-12 on male mortality. Studies such as Cutler and Lleras-Muney (2006) and Maccini and Yang (2009) find a mediating effect of education on the mortality rate. The fact that we do not find a significant effect of average cyclical conditions during the age interval of 7-12 years on the marriage and mortality rates for women is not inconsistent with this. School attendance was often lower and shorter than for men, and career concerns were mostly absent.
The second explanation, which is especially relevant for the direct effect of conditions at ages 7-12 on male mortality, is that these ages include a critical or sensitive period in boys' development towards their adult health status. Specifically, Van den Berg et al. (2010) identify such a period at around age 9 in the sense that if conditions at this age are adverse then adult height is lower.
Class differences are very important for nuptiality. Male members of the three lower social classes exhibit a much larger marriage rate relative to the upper classes. This is in line with past observations of more frequent and younger marriages for the lower social classes resulting from increased economic opportunities following the industrial revolution (see the literature mentioned in Section 2). Possibilities of social class upward mobility by means of marriage may also arise for women. Investigation into marriage market prospects is left to future work.
Finally, considering age dependence of exit rates into marriage and mortality we find the expected inverted U-shape for the former and a monotonically increasing one for the latter (see Figure 6 ). We observe that the marriage rate increases till the age of 32 for men and 29 for women after which it consistently declines though at a slower rate after the mid 40's. This sudden slow-down in the declining marriage rate could indicate second marriages.
However, in the absence of information about multiple marriages and continued marital status of individuals we are unable to comment any further.
Sensitivity analysis 4.2.1 Other specifications for the marriage effect on mortality
As robustness checks we estimate several alternative specifications of the causal effect of marriage on the individual mortality rate. First, we try a simpler model with only the age dependent marital effect on mortality without the interactions with the dummy for being born in a boom or not. Another specification replaces the age of the married individual with the number of years married as a determinant of the causal effect of marriage on mortality. This specification is tested with and without additional interaction terms between early life conditions and the number of years married. Finally, following past literature we estimate a 'basic' model where the causal effect of marriage is specified as a time varying regressor i.e. takes a value of 0 before the person is married and 1 after his marriage. Our results are robust to all these alternative specifications. Tests confirm that our full model as estimated above is a better model specification. For sake of brevity, detailed discussion of these alternative specifications and full parameter estimates are not presented here but can be requested from the authors.
Alternative specifications of other explanatory variables
Different specifications were also tried for other independent variables. Without presenting the detailed parameter estimates of these alternative specifications, this subsection briefly discusses the distinctive features of each of these options. Given our interest in the impact of early conditions in life on marital and mortality outcomes later in adult life we start by giving a closer look to our indicators of early life conditions. First, instead of our 4 binary indicators of early life conditions -birth in a year of economic boom and average cyclical macroeconomic conditions during the ages of 1-6, 7-12 and 13-15 years -we re-estimated our model of marriage and mortality using the actual, average values of the cyclical component of the GNP series at birth or during these age intervals. Our results are robust to this variation. We also tried alternative age intervals for our average cyclical indicators and once again our results remain unchanged. Irrespective of the choice of the intervals the average cyclical conditions during the ages covering the years 7-12 continue to be influential in the marital and death outcomes for men. Distinguishing between the effect of an economic boom around the time of entering primary school and that closer to finishing primary schooling could help shed further light on potential channels underlying the results we observe. Unfortunately our data does not record school enrollment for the subjects and moreover since schooling was neither mandatory nor essentially starting at a fixed age we are unable to comment any further on the possible underlying mechanisms.
The relevance of early conditions in life for the model fit
In the light of past literature that focuses on adult health as a determinant of individual marriage and mortality rates we try to assess the value added by these early life conditions in our estimation. We do so by re-estimating our models without controlling for economic conditions and exposure to epidemics during childhood and years of adolescence. For women, we compare our model with interactions between early life conditions and an age dependent causal effect of marriage to a simpler model with just an age dependent causal effect of marriage on mortality without any controls for early conditions in life. We note that the latter is nested in the former and a likelihood ratio (LR) test rejects the smaller model for men for whom early life conditions did not significantly interact with the causal effect of marriage on the mortality rate, the direct contribution of cyclical economic conditions in first years of life on later life mortality is highly relevant.
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From this experiment we conclude that early life conditions are an important determinant of individual marriage and mortality later in life. This result provides support to the hypothesis that the link between marital status and mortality is to some extent driven by conditions in the early years of an individual's life.
Additional discussion and implications
Using our parameter estimates in Table 3 and the actual ages of marriage of the individuals in the sample we find that on an average 19 marriage implies a 2.16% decrease in longevity for women. However, once we control for business cycle conditions in the year of birth these figures look very different. For women born during an economic boom, marriage in fact has favorable impact on their life expectancy (0.61% increase in expected lifetime). Therefore, the result of an adverse effect of marriage on the mortality rate for women aged less than 52 years is driven only by women born during economic downswings. For this group marriage reduces expected longevity by 5.40%. For men, marriage leads to a 4.77% increase in life expectancy on an average with no significant difference between those born during economic boom versus births during economic recessions.
Given the non-constant protective effect of marriage over an individuals lifetime, it is also useful to consider by how much life expectancy changes if you marry at any given age. Figure   7 presents the change in life expectancy as a consequence of marriage for every possible age of being married (16 -103 years), calculated using the parameter estimates from our model and averaging over all other explanatory variables. Results are once again presented separately by gender and economic boom or not in the year of birth. Getting married at young ages (below about 25 years) shortens longevity regardless of early-life conditions, as compared to staying single. This is most likely because marriage at young ages increases the length of the childbearing age interval. The adverse effect reduces with increasing age at marriage. Married teenagers are in the worst position. Beyond the mid twenties the adverse effect of marriage on longevity only holds for women born in recessions. This finding suggests that women who might have already suffered a health set-back early in life are less able to cope with future health strains. For men on the other hand, the protective effect is generally higher the younger they marry. We cannot identify the reasons for this result from the data we have. However, early on set of healthier lifestyle and safe habits are plausible causes.
18 LR statistic for model with age dependent causal effect of marriage on the mortality rate and direct controls of early life conditions vs. model with age dependent causal effect on marriage without controls for early conditions in life, 57.23 for men with a χ 2 (20), 5% critical value 31.41. 19 Averaging over individuals marrying at various ages.
Finally, once again we see that the role of early life conditions via marriage is less relevant for men.
The presence of adverse health consequences of marriage for women raises the question why women choose marriage, especially since decisions involve expected present values of various options, and any long-run benefits of marriage are discounted more heavily than the short-run costs. A similar concern has arisen in the "family pay gap" literature that finds large wage penalties for women choosing to have children. It appears that not only do women planning to have children self select themselves into lower earning occupations and jobs, they also accept large wage losses on return to labor market after child-related employment breaks (see e.g. Beblo et al., 2006) . Recent social-psychological literature on female well-being provides some insight into the forces driving these choices. Abele-Brehm in a recent study using longitudinal data on about 2000 individuals finds higher levels of "life satisfaction" amongst women living with partners, with women on maternal leave being especially satisfied. This field of research seems to indicate that while women pay a large cost in terms of income and even health by choosing to have a family, family life is crucially important for their "happiness" making having a family the preferred choice for a lot of women. Wong (2007) structurally estimates an equilibrium matching model of the marriage market and the labor market, and she concludes that women derive a large non-pecuniary utility flow from being married and having children. Without such non-pecuniary utility, the fit of the model is significantly worse. Of course, evolutionary theory provides a more fundamental explanation for why women prefer to engage in an institution such as marriage that provides a setting within which to obtain and raise offspring.
Several obvious similarities exist between 19th century Dutch society and the current-day developing world. Therefore results drawn from this study could help policy makers in less developed economies in their struggle against child deprivation and high mortality rates (see De Brouwere et al., 1998) . Supporting children born in adverse economic times, by means of extra provisions of food, housing and health care, will not only help decrease infant and child mortality but in fact increase over all male life expectancy. Special care could be taken in supporting female children born in economic downturns for whom health consequences of adverse early economic conditions are indirect (via marriage) and not immediately visible. In societies where the girl child is frequently considered only secondary to her male siblings, in absence of immediate consequences of female child deprivation, her needs are likely to be easily ignored during poor economic times leading to life long adverse health consequences.
Further support could be provided to women during their child bearing ages. This could be done by discouraging marriages of very young women especially in rural areas or within lower social classes and religious communities by setting and enforcing suitable legal age of marriage. Additionally, access to modern contraceptives could help curb quick successive pregnancies that lead to high infant and maternal mortality rates. Active family planning programs could also allow couples to enjoy the benefits of partnership without suffering from its negative health consequences. Over a longer time horizon, urbanization, economic development of the country (reflected in high per capital real GNP) and more education would help discourage early marriages and consequently its adverse consequences, especially for women.
In future work it would be interesting to consider other (and possibly multiple) marital transitions like -divorced, separated, widowed etc. for each individual. This would provide more precise results about the protective effect of marriage under weaker assumptions (i.e.v could be allowed to be dependent on x). It would be also useful to have a closer look at the impact of social class on individual exits into matrimony or death. Although we controlled for social class using a linear, hierarchal indicator, we are unable to study each of the classes separately due to small sample sizes. A larger data set would help facilitate such an analysis. On a slightly different front, it would be interesting to study marriage market tightness as a determinant of the marriage rate by social classes, gender, degree of urbanization of place of residence and age. For this we would need to merge the HSN with marital life tables for the Netherlands for our observation window. In future research it would be useful to have data records that include observations of the timing of childbirths and the attained level of education. This would enable a somewhat more direct assessment of the mechanisms that we postulate to drive the causal pathways we find. For example, we could allow the causal effect of marriage on mortality to depend on the moments of childbirths. Barring data on education, it would also be interesting to allow the causal effect of marriage on male mortality to depend on additional indicators, like the state of the business cycle at ages 7 to 12.
Conclusion
The empirical analyses in this paper generate a range of insights into causal pathways between economic conditions early in life, marriage, and mortality. These are identified while taking account of selection effects due to unobserved confounders. The results are markedly different between men and women.
For women, the extent to which marriage protects against mortality depends on the economic conditions early in life. Birth under adverse conditions implies that longevity is reduced upon marriage, as compared to staying unmarried. Conversely, birth under favorable conditions implies that longevity is extended upon marriage. In each case, the effect of marital status on mortality is not uniform as a function of age. The health costs of marriage are borne early on, whereas the protective benefits occur after the childbearing ages. But for women born under favorable conditions, the costs during childbearing ages are smaller, and the age at which benefits outweigh costs occurs earlier in life.
We provide a range of reasons for why the health costs of marriage during childbearing ages are due to the health hazards of pregnancy, delivery, childbearing, and taking care of small children. Our results are consistent with the view that early-life conditions influence the resilience of women during this stage of the life course. In current times, in Western societies, maternal death during deliveries and during childbearing ages in general is very rare. However, it is plausible that the various stages of childbearing are still a health burden for the mother, and it is obviously useful to know that this burden is larger in case the mother was exposed to adverse conditions in her own birth year.
The analysis for women also shows that early-life conditions do not influence the marriage rate. This shows that strategic considerations to enter or postpone marriage in response to favorable or adverse economic conditions early in life do not play a major role as determinants of marriage. The decision to marry is driven by other behavioral motivations.
For men the results are different. Marriage is protective at all ages, and the size of the protective effect on the mortality rate does not depend on conditions early in life. At the same time, conditions around birth have an autonomous long-run effect on mortality. For men, conditions around the ages 7 to 12 are important for the marriage rate as well as the mortality rate. Presumably, these are the ages in our sample during which decisions are made regarding education and career. Favorable conditions at these ages lead to a postponement of marriage and to lower mortality later in life.
The long-run causal pathway from early-life economic conditions to mortality late in life differs by gender. For women, the long-run effect is driven through marriage. Early-life conditions affect the extent to which marriage is protective for mortality. However, they do not affect the mortality rate if marriage does not take place in one's lifetime. For men, the long-run effect is present regardless of the marital status during one's adult life. Its size is not affected by marriage. 
